Our aim is to identify an extraction method and for the study of animal genetics and other biological the source of mouse tissue(s) that could allow a phenomena using an animal as a model system (3).
require considerable manipulation of samples, are toxic, and more cost-effective than the proteinase time-consuming, give variable yields, and need suf-K method (PM). For liver the PM produced higher ficient amounts of materials (10,11). The preferred yields of DNA with less degradation than the RM. method for preparing DNA from any source should For tail tip, the PM produced a higher yield of DNA, be rapid, high yielding, cost-effective, environmenbut the RM resulted in a higher yield of PCR product. From a living mouse, a tail snip generated a tally safe, and applicable to frozen samples. With sufficient amount of DNA for several hundred PCRs these criteria in mind, we have compared the yield, but not a complete genomic scan. We suggest that quality, restriction-enzyme digestibility, and use in the RM can be used to extract genomic DNA for a the polymerase chain reaction (PCR) of DNA excomplete genomic scan which requires either testictracted by two different methods. Our aim for this ular tissues or repeated blood samples from the subcomparative study between the two DNA-recovery orbital sinus over several months without sacrificprotocols is to determine a safe, rapid, and economiing the animal. ᭧ 1997 Academic Press cal DNA-recovery method for each of the different tissue samples from mice. Here the two methods are chosen so that they represent several other pubThe use of recombinant DNA technology and the lished DNA methods (8). The proteinase K/phenoltransgenic method has provided a wealth of informachloroform extraction (PM) where the organic phase tion about the genetic and molecular basis of human is sequestered under a polymer gel layer has been successfully used on blood samples (4) and mouse 1 To whom all correspondence and reprint requests should be tail and liver biopsies (11 quantity of DNA, we report that the RM can be used let was washed with 70% ethanol, air dryed, and final DNA was resuspended in 0.5 ml of 10 mM Tris-Cl, pH for the isolation and purification of small quantities of DNA from mouse tissues.
7.4, and 1 mM EDTA, pH 8.0 (TE), at 37ЊC.
Tissue samples. Prior to either recovery method, MATERIALS AND METHODS
solid tissues (150 mg each) were minced with a sterilized razor blade on an ice-cold glass plate and hoAnimals and Tissue Recovery mogenized at 4ЊC for about 30 s in 0.5 ml of TKM The mice were C57BL/6J (B6) males, 10 to 50 weeks buffer using a Polytron homogenizer (Brinkmann Inold, from Jackson Labs, Maine. Six to eight mm of the struments, NY) at a medium setting. The homogetail end was removed under CO 2 :O 2 (1:1) anesthesia.
nized tissues were suspended in 0.5 ml of TKM For hemiorchiectomies anesthesia was i.m. ketamine buffer containing 2.5% NP-40. The rest of the procecocktail (KC, ketamine:prozamine:atropine, dures of DNA extraction were as described for the 100:2.2:0.5). The whole blood was obtained by cardiac blood sample. puncture from several mice and then pooled and aliProteinase/phenol method. Either the mouse quoted for DNA extraction. We also obtained whole blood or the chopped tissue was mixed with 1 ml of blood in a less invasive manner than cardiac punclysis buffer (50 mM Tris-Cl, pH 8.0, 100 mM EDTA, ture. For example, about 0.15 ml blood was drawn 0.125% SDS, 0.8 mg/ml proteinase K, [Boehringer biweekly from one or another suborbital sinus of a Mannheim, IN]). Following incubation at 55ЊC over-30-g adult mouse. This is performed while the mouse night, 1 ml of a mixture of phenol:chloroform:isois under KC anesthesia using 80 ml heparinized miamyl alcohol (pci) (25:24:1) was added to the lysate crohematocrit capillary tubes. The liver and brain which was thoroughly mixed and centrifuged at tissues were removed from euthanized mice. All tis2000g for 10 min. The aqueous phase was separated sues were immediately frozen on dry ice and stored and washed once each with pci (1 ml) and chloroform at 070ЊC.
(3 ml). The final aqueous phase (supernatant) contained DNA which was precipitated with ethanol in DNA Extractions presence of 0.3 M sodium acetate (pH 6.0). The DNA Published protocols with the following modificapellet was resuspended in TE buffer. tions were followed for the proteinase K/phenol-chloroform extraction (4,11) and the Rapid Method (12).
Absorbance Scan We have used either whole blood samples or different tissues from testis, brain, tail, and liver from the
The concentration and quality of the purified DNA B6 mouse for DNA extraction using both methods.
were determined using spectrophotometric abWe performed the experiment with both the freshly sorbance (Beckman DU-68) at A 230 , A 260 , and A 280 collected or the frozen materials. nm (13). The quality and integrity of the purified DNA were assessed by gel electrophoresis in 0.8% Rapid method: Blood Samples. Whole blood was collected in a Vacutainer tube (purple-stoppered) conagarose (Sigma) with DNA size markers. taining 100 ml of 15% EDTA. Five hundred microliters of blood was treated with an equal volume of low-salt PCR Amplification buffer containing 10 mM Tris-Cl, pH 7.6, 10 mM KCl, 2 mM EDTA, 4 mM MgCl 2 (TKM), and 2.5% NP-40
The reaction mixture for PCR contained 100 ng of mouse genomic DNA; 0.2 mM of Mouse Map Pair prim-(Sigma, MO). NP-40 can be substituted by Triton X-100 (Sigma) (12). The cells were lysed by inverting ers (Research Genetics, AL); 200 mM each of dNTPs; 0.625 U Taq polymerase (Boehringer Mannheim); 2.25 several times. The suspension was centrifuged at 1000g for 10 min at room temperature (RT). The pellet mM MgCl 2 ; 50 mM KCl; 10 mM Tris-Cl, pH 8.3; and 0.001% gelatin in a final volume of 25 ml, covered with was washed two more times with TKM and the final pellet was resuspended in 0.1 ml of TKM buffer conan equal volume of mineral oil (14) . Reactions were carried out in a Ericomp, Single Block thermal cycler taining 0.75% SDS. The suspension was mixed vigorously and incubated for 5 min at 55ЊC. After saturated with cycling times of 95ЊC for 15 s (one cycle) for denaturation followed by 35 cycles of 94ЊC for 15 s, 55ЊC NaCl was added, the tube was mixed well and centrifuged at 12000g for 5 min. The supernatant contained for 30 s; 72ЊC for 30 s, and a 6 min extension at 72ЊC to finish (15) . Four sets of Mouse Map Pair primers DNA, which was precipitated using ethanol. DNA pel-
Regarding the quality of DNA, the PM produced Electrophoresis DNA with minimal degradation from all tissues (Fig.  1) ; the preparations of DNA in this report are comAbout 10 ml of products from each PCR was added pared with the human genomic DNA recovered from to 2 ml of 0.25% bromophenol blue solution and 10% whole blood by the RM (Fig. 1, lane 11) . The RM sucrose in 0.09 M Tris-borate, 0.002 M EDTA buffer produced considerable DNA degradation in liver and (TBE buffer) and separated at 8 V/cm for 60 min tail samples, most likely due to failure of the RM on a 12% polyacrylamide gel in a TBE buffer. After to completely deactivate nucleases in the liver and electrophoresis the gel was stained with a 0.025% inability to completely dissolve the collagenous tail aqueous solution of ethidium bromide and destained tissues. in water for 15 min. DNA bands were observed with
The DNA isolated was relatively pure, exhibiting ultraviolet (UV) light and photographed using the A 260 /A 280 ratios of about 1.8 to 2.0 ( Table 1) . The low Gel Documentation System (UVP, San Gabriel, CA).
A 260 /A 280 ratio for blood samples extracted with the PM indicates contamination with phenol or protein.
Digestion with Restriction Enzymes
Although we noted an A 260 /A 280 ratio of 2.0 in several Extracted DNA samples were digested with a secases, we could not detect any RNA contamination lection of restriction enzymes such as HindIII, TaqI, in any of the DNA samples even after prolonged EcoRI, and PstI (Boehringer Mannheim), and the staining with ethidium bromide. reaction products analyzed by electrophoresis on an
The DNA produced by both techniques could be agarose gel (0.8%) (13).
amplified by PCR with all four primer pairs. The results of amplification with the D9Mit11 primer pairs produced a 79-bp amplicon (18) (Fig. 2) . The RESULTS yield of PCR product from tail processed by the PM was low. The RM provided sufficient DNA purificaThe DNA obtained using the two methods was analyzed by the following criteria: recovery time, ention from all tissues tested to give good yields of PCR products. vironmental safety, amount, purity, and PCR amplifiability. The RM required 2-3 h, compared to the All DNA samples extracted by the RM could be digested by different restriction enzymes such as overnight incubation required for the PM. The PM involved the use of hazardous organic solvents.
HindIII, TaqI, EcoRI, and PstI, while DNA samples extracted from tail by the PM were somewhat resisMoreover, the use of proteinase K enzyme and organic solvents made the PM less economical than tant to digestion (data not shown). the RM.
The two techniques were found to be similar in DISCUSSION the yield of DNA recovered from blood, testis, and brain, while the PM produced a better yield from
The analysis of gene function depends upon the quality of DNA samples. Intact, good quality DNA liver and tail (Table 1 ). The DNA yields for tail and liver extracted by the PM were comparable to yields is also essential for screening DNA samples to study polymorphisms. These studies often require analysis previously published for the method (11). Yields for mouse blood extracted by both techniques were comof a large number of DNA samples. From the human subjects one can obtain a sufficient amount of whole parable to previously published yields from human blood for each method (5-8). This was expected since blood samples that can be used to extract large quantity of DNA. For example, in our genetic family studmouse and human blood have similar numbers of leukocytes per milliliter (16, 17) . In an attempt to ies we usually collect 30-40 ml of whole blood from an individual at one time and this sample is rouobtain DNA from whole blood that was collected in a less invasive manner, we extracted DNA from blood tinely used to extract genomic DNA (20-30 mg per ml blood) in the laboratory (8,12). However, this is drawn from a suborbital sinus of an adult mouse. Up to 3 mg of genomic DNA can be recovered from not the case for small animals such as mice. For example, the amount of blood that can be drawn each 150 ml of blood (Table 1) . Overall, among the five tissue samples tested the best source of a large from an adult mouse is approximately 0.15 ml at one time without sacrificing the animal or a few milliliquantity (up to 5 mg/mg of tissues) of high molecular The preferred method is the one that yields sufficient amount of high-quality DNA in a cost-effective and environmentally safe way. e n Å 3 for all tissues except liver by RM where n Å 9.
ters at the time of sacrifice. In either case the amount extracting DNA in mice should be high yielding but also noninvasive. Recently, a fast, safe, and economiis too small to perform gene mapping studies. Moreover, when one plans to perform a particular behavcal method (RM) was developed to extract DNA from the human whole blood (12). The main advantage of ior and genetic study in parallel, sacrificing the animal is not desirable. Therefore, the best method for the RM is that it is a nonenzymatic and inorganic procedure, and here we present a simplified version of the RM to extract DNA from mice. The minimum amount of DNA needed for a complete, high-resolution genomic scan at 1 cm resolution using PCR on a mouse DNA template primed products from B6 mouse genomic DNA recovered by the PM. Lane 6 is a no DNA control. Lanes 7-11 are PCR products recovered tissues extracted using the RM. Lanes 6-10 are DNA samples extracted using the PM. Tissue sources of the DNA were: lanes by the RM. Tissue sources of the DNA were: lanes 1 and 7, brain; lanes 2 and 8, testis; lanes 3 and 9, liver; lanes 4 and 10, tail; 1 and 6, blood; lanes 2 and 7, testis; lanes 3 and 8, brain; lanes 4 and 9 tail; and lanes 5 and 10, liver. Lane 11 is human genomic and lanes 5 and 11, blood. A faint band was visible in Lane 4, tail extracted with the PM, but did not reproduce well. DNA recovered from whole blood by the RM.
with the necessary primers typically approaches 150 preferable for the whole blood, testis, and brain tissue samples, the PM may be preferred for high-yield mg. This assumes no multiplexing (simultaneously amplifying several distinct loci in one PCR) and 100 recoveries from liver and tail samples. Thus the type of method to be applied depends upon the source of ng per PCR without signal enhancers, radioactivity, or silver staining. A tail tip would be insufficient for the tissue materials and the quality and quantity of DNA desired. this since the maximum DNA recoverable from 6-8 mm of tail tip is less than 110 mg. A larger quantity of genomic DNA, up to 450 mg, can be recovered from ACKNOWLEDGMENTS a testis from an adult mouse without killing the ani-
